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BACKGROUND OF THE INVENTION 

The present invention relates generally to compositions for treating patients who have hepatic disease. 
More specifically, the present invention relates to an enteral composition specifically designed for patients 
5 with hepatic disease. 

The liver, and its proper functioning, is of utmost importance to the survival of a patient. Because it is 
responsible for the metabolism of nearly all nutrients, and is the primary site for the inactivation of 
numerous toxins, the liver is one of the most important organs of the body. For example, the liver accounts 
for approximately 20% of the body's basal metabolism. 

70 The liver extracts a majority of the amino acids, carbohydrates, lipids, vitamins, and minerals from 
portal circulation. These nutrients, extracted by the liver, are used as substrates or cofactors in ail metabolic 
processes carried out in the liver. Synthesis of plasma proteins and bile secretion are additionally important 
processes carried out by the liver. 

Due to a variety of insults and pathogens, the liver can become diseased. Liver disease is a broad 

w classification encompassing a number of acute and chronic diseases. These diseases include: hepatitis 
(viral and non-viral); cirrhosis (alcoholic and non-alcoholic); and liver failure. Liver failure is perhaps the most 
severe disease and may be accompanied by a complex set of conditions including: hepatic encephalopa- 
thy; hemorrhage; coagulapathy; ascites; jaundice; and hepatorenal syndrome. 

Although many medical treatments have been devised for treating liver disease, due to the paradoxical 

20 relationship between hepatic function and metabolism, medical treatment of the liver disease is complex 
and difficult. Most, if not ail, liver diseases require or benefit from nutritional management. Those diseases 
which are believed to benefit most from nutritional management, include alcoholic and non-alcoholic 
cirrhosis, obstructive jaundice, and in some situations acute liver failure. The goals of such nutritional 
therapies vary depending on disease and patient. The goals can be either restorative or supportive, 

25 Liver disease can affect both hepatic cellular function and structure. In chronic conditions such as 
alcoholic cirrhosis, exposure to a toxicant promotes inflammation of the periportal areas of the liver. As a 
result, fibrosis develops and when sufficiently advanced, canaliculi become blocked. As a result of 
inadequate regional perfusion, hepatocyte degeneration occurs. 

In an attempt to restore adequate circulation, portal hypertension develops. Portosystemic shunting of 

30 the blood results in chronic hypertension. Many of the serious complications of liver disease are due to this 
event. 

Portosystemic shunting allows many substances, for example, amino acids, fatty acids, ammonia, and 
others, to bypass the liver. These substances then flood the neurological system. Portosystemic shunting 
results in many clinical features including variceal changes and encephalopathy. 
35 Many specific metabolic derangements are associated with liver disease. This is especially true of liver 
disease of a chronic nature. Such derangements include: increased plasma glucagon; hyperinsulinemia; 
increased plasma epinephrine and Cortisol; decrease liver and muscle carbohydrate stores; accelerated 
gluconeogenesis; hypoglycemia; hyperammonemia; increased plasma aromatic amino acid; increase plas- 
ma methionine, glutamine, asparagine, and histidine; and decreased plasma branched chain amino acids. 
40 A number of hypotheses, mostly metabolism based, have been advanced concerning the pathogenesis 
of hepatic encephalopathy. For example, excess nitrogen (ammonium) production and accumulation of false 
neural transmitters have been advanced as possible causes. 

Although a number of nutritional formulations designed for hepatic patients had been proposed none of 
the formulations, in the opinion of the inventors, function entirely satisfactorily. Such formulations include: 
45 Amin-Aid® (Kendall-McGaw); and Travasorb® Hepatic (Clintec Nutrition Company). 

One disadvantage with these formulations is that they are not ready to use. Rather, they are powders 
that require admixing and reconstitution before use. Powders that require admixing create disadvantages 
including sterility, labor, and time concerns. 

Although a ready-to-use formulation would be desirable and greatly preferred over a powder, there are 
so difficulties in attempting to create a ready-to-use formulations. The difficulties have, to the best of the 
inventors' belief, prevented the creation of viable ready-to-use hepatic enteral formulations. The difficulties 
include the instability of solutions containing free crystalline amino acids. 

There is therefore a need for an improved nutritional formulation for patients with liver disease. 

55 SUMMARY OF THE INVENTION 

The present invention provides in part, a ready-to-use enteral composition specifically designed for 
patients with liver disease. The composition is a nutritionally complete, calorically-dense formulation suitable 
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for use as a supplement or total enteral feeding. The composition is specifically tailored to meet the 
requirements of hepatic patients in need of nutritional support. In contrast to current hepatic formulas, the 
composition is ready-to-use and does not require reconstitution and admixing. 

To this end, the present invention provides a ready-to-use formula containing a protein source that 
5 contains at least 25% of its total protein content as free crystalline amino acids. Preferably, a majority of the 
protein source is present as free crystalline amino acids, i.e., greater than 50%. In an embodiment, 
approximately 75% of the protein is provided as free crystalline amino acids. 

In an embodiment, the composition contains approximately 6% to about 16% of the calories as protein; 
approximately 66 to about 88% of the calories as carbohydrate; and approximately 6 to about 18% as lipid. 
w Additionally, the composition preferably meets or exceeds 100% of the U.S. RDA for vitamins and minerals 
In 1000 ml (1500 K cal) of product. 

Preferably protein is provided in the form of a combination of free crystalline amino acids and high 
quality whey protein. Preferably the amino acid profiles are rich in branched amino acids (approximately 
40% to about 60% of the total amino acid content) and is low in aromatic and ammonia-generating amino 
75 acids (less than preferably 3% of the total amino acid content). 

In an embodiment, the carbohydrate is supplied in the form of easily - digestible maltodextrin and 
starch. 

In an embodiment lipid is supplied as a mixture of medium chain triglycerides (approximately 50% to 
about 75% of the lipid source), canola oil, corn oil, and soy lecithin. The lipid source also provides a 
20 balanced supply of essential fatty acids in a readily absorbable, oxidizable lipid source. 

In an embodiment, the lipid has a ratio of omega-6 to omega-3 fatty acids of approximately 4:1. 
Preferably, the composition is gluten free and low in sodium. 

The composition of the present invention can be used to treat hepatic patients as well as provide a 
method for making nutritional formulations for hepatic patients. 
25 Still further, an advantage of the present invention is to provide a composition that provides improved 
utilization and metabolism of both the omega-6 and omega-3 families. 

An advantage of the present invention is that it provides a ready-to-use enteral diet specifically 
designed for patients with liver disease. 

A further advantage of the present invention is that the composition of the present invention is 
30 specifically tailored to meet the requirements of hepatic diseased patients. 

Additionally, an advantage of the present invention is to provide a stable, ready-to-use formula, 
including a protein composition that comprises greater than 50% of its content as free crystalline amino 
acids. 

Still further, an advantage of the present invention is that the composition of the present invention 
35 provides a protein content that is designed to meet nutritional requirements, promote muscle anabolism and 
minimize ammonium production, but limit intake in persons who are protein intolerant. 

Furthermore, an advantage of the present invention is that it provides a composition including 
carbohydrates which are easily digestible and well absorbed. 

Another advantage of the present invention is that in an embodiment, the composition is lactose-free 
40 thus eliminating the risk of developing symptoms of lactose intolerance. 

Moreover, an advantage of the present invention is that the composition provides, in part, medium chain 
triglyceride that are well absorbed and a readily oxidizable sources of calories. 

Still further, an advantage of the present invention is that the composition provides at least 100% of the 
U.S. RDA of vitamins and minerals. 
45 Furthermore, an advantage of the present invention is that the composition meets the stress augmented 
needs of most patients. 

Additional features and advantages of the present invention are described in, and will be apparent from, 
the detailed description of the presently preferred embodiments. 

50 DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

The present invention provides an enteral composition specifically designed for patients with hepatic 
disease. The composition is nutritionally complete, calorically dense, and suitable as a supplement or a total 
enteral feeding - either by tube or orally. The composition is specifically tailored to meet the requirements 
55 of hepatic patients in need of nutritional support. 

In contrast to current hepatic formulations, the composition is ready-to-use. Because the product is 
shelf stable, it is not provided to the patient or healthcare practitioner as a powder. Therefore, the 
composition does not require reconstitution by the patient or healthcare practitioner. Although the composi- 
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tion is ready-to-use, it still provides sufficient free crystalline amino acids to function as a nutritionally 
complete hepatic composition. 

In an embodiment, the composition contains: approximately 6% to 16% of the calories as a protein 
source; approximately 66% to about 88% of the calories as a carbohydrate source; and approximately 6% 
5 to about 18% of the calories as a lipid source. In a preferred embodiment, the composition comprises 
approximately 11% of the calories as protein; approximately 77% of the calories as carbohydrate; and 
approximately 12% as lipid. The composition is specifically tailored to meet the needs of liver diseased 
patients. As set forth in the background of the invention, these patients suffer the possibility of a number of 
derangements. 

w Because of the liver's fundamental role in the metabolism of nearly all nutrients, hepatic disease can 
easily compromise nutritional status. Therefore, malnutrition is common in hepatic diseased patients. It has 
been estimated, with respect to alcoholic cirrhotics with severe liver disease, that 10 to 100% of such 
patients are malnourished. See, McCulioush et al, Nutritional State in Liver Disease Assessment, Incidence 
and Mechanism of Malnutrition , Metabolism and Nutrition in Liver Disease, E. Holm et ai (Editors) 1984, p. 

75 5-15. This malnutrition develops as a result of a number of factors including: anorexia; nutrient malabsorp- 
tion and maldigestion; reduced food intake; and possibly increased energy expenditure. 

Malabsorption also frequently occurs in patients with liver disease particularly in malnourished patients. 
Fat malabsorption is frequent; in one study, 8 out of 13 malnourished cirrhotics demonstrated fat 
malabsorption. Romiti et al, Malabsorption and Nutritional Abnormalities in Patients with Liver Disease , Ital. 

20 J. Gastroenterol., 1990; 22:1 18-123, 

It is necessary for the hepatic composition of the present invention to provide adequate energy intake to 
support protein synthesis, if energy intakes are inadequate, amino acids will be used to support energy 
demands. Conversely, excess caloric intake will result in increased deposition of fat in the liver; this can 
result in further metabolic impairment of the liver. The composition of the present invention provides normal 

25 nutritional status and supports hepatocyte regeneration. 

Although most stable cirrhotic patients have no overt problems digesting and absorbing protein and 
amino acids, investigators have reported derangements in such patient's plasma amino acid profiles. See, 
Morgan et al, Plasma Amino Acid Patterns in Liver Disease , Gut 1982; 23:362-370. This suggests altered 
tissue utilization of amino acids. For example, plasma levels of leucine, isoleucine, and valine concentrations 

30 in hepatic patients are low. Additionally, methionine and aromatic amino acids, i.e., tryptophan, tyrosine, and 
phenylalanine, concentrations are elevated. The composition of the present invention is specifically tailored 
to correct these abnormalities. 

The composition of the present invention provides 6% to 16% of the composition, by caloric content, as 
protein. In a preferred embodiment 11% of the composition, by caloric content, is provided as protein or 40 

35 g of protein per liter (1500 kcals). 

Pursuant to the present invention, the protein comprises at least 25% and preferably 50% free 
crystalline amino acids, in a preferred embodiment, almost 75% of the protein is free crystalline amino 
acids. It has been found that by providing approximately 20%-25% of the protein as whey or other protein, 
a free amino acid rich protein source that is sufficiently stable can be provided. 

40 The protein is preferably provided as a mixture of specific essential and non-essential amino acids and 
whey protein. The amino acid profile is rich in branched chain amino acids, preferably approximately 40 to 
about 60%, and most preferably 50%, and low in ammonotelic amino acids (3%) in order to offset the 
amino acid derangements associated with hepatic disease. The total protein content is designed to meet 
the nutritional requirements, promote muscle anabolism, and minimize ammonia production, but limit intake 

45 in persons who are protein intolerant. 

The use of enriched branched amino acids is advantageous especially with respect to treating hepatic 
encephalopathy. It is believed that branched chain amino acids can either improve recovery from or, in 
combination with other therapy, improve such treatment. Additionally, branched chain amino acids can 
decrease protein catabolism, increase synthesis of hepatic and muscle protein, and serve as energy 

so substrates for muscle tissues. Ammonia production may also be reduced when branched chain amino acids 
are given as a substrate. Further, branched chain amino acid can improve nitrogen balance. 

During bouts of encephalopathy, protein restrictions below that required to maintain body stores, is 
often prescribed (less than 0.8 grams protein per Kg per day). This, however, often results in negative 
nitrogen balance and additional loss of the lean body mass, ultimately contributing to further decline in 

55 nutritional and perhaps disease status. Accordingly, pursuant to the present invention, protein intake is 
carefully matched to the requirements to achieve optimal repletion with minimum negative clinical con- 
sequences. The amino acid profiles are customized to meet protein requirements and correct disease 
related changes in amino acid metabolism. 
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One of the principal metabolic defects in patients with liver disease is glucose intolerance. Elevations in 
glucagon, free fatty acids, and growth hormone are commonly observed in such patients and may serve to 
sustain high insulin levels and exacerbate glucose intolerance. 

The composition of the present invention provides 66% to about 88% of the caloric content as 

5 carbohydrates. In a preferred embodiment, the composition provides 77% of the calories, or 290 grams of 
carbohydrates per liter (1500 kcals) are provided. In a preferred embodiment, the carbohydrates are 
provided in the form of maltodextrin and modified corn starch. These are easily digested and well absorbed. 

Additionally, preferably, the composition is virtually lactose free. This eliminates the risk of the hepatic 
patients developing symptoms of lactose intolerance. 

w With respect to the lipid content, primary metabolic derangement of lipid metabolism in liver disease 
patient is lipid malabsorption. The cause of fat malabsorption may vary depending on the nature and 
severity of the liver disease. Non-alcoholic cirrhotics manifest normal gut histology while alcoholic cirrhotics 
show some evidence of jejunal damage. In both populations there is likely to be a reduction in bile salt 
synthesis, which also contributes to fat malabsorption. 

ts In an embodiment, the composition of the present invention provides approximately 6 to about 1 8% of 
the calories as lipid. However, the composition could provide up to 25% of the calories as lipid, in a 
preferred embodiment, the composition provides 12% of the caloric content, or 21 g lipid per liter (1500 
kcals), in the form of lipids. In a preferred embodiment, the lipid content comprises a blend of medium 
chain triglyceride oil and long chain fatty acids. 

20 Preferably, the blend of medium chain triglycerides to long chain triglycerides is 1 :1 to about 3:1 . In a 
preferred embodiment, a 66:34% blend of medium chain triglyceride oil and long chain fatty acids is 
provided. Medium chain triglycerides are well absorbed and a readily oxidizable source of calories. The 
substitution of medium chain triglycerides for long chain fatty acids, the inventors believe, will alleviate 
steatorrhea in some patients. In a number of hepatic patients - believed to be at least 10% - steatorrhea is 

25 severe. 

To provide essential fatty acids, in an embodiment, canola oil, milk fat, corn oil, and/or soy lecithin are 
provided. Linoleic and linolenic acid are provided preferably in a proportion of 3:1 to 5:1 and, most 
preferably, 4:1 . 

Hepatic patients have, typically, abnormalities of vitamin nutriture. However, assessment of vitamin and 
30 mineral status of hepatic patients is very difficult. Commonly used plasma measurements may be 
profoundly altered by portosystemic shunting and hepatocyte degeneration. Depressed synthesis of visceral 
proteins may also influence plasma concentrations of vitamins, therefore, it is difficult to accurately 
characterize in a hepatic patient the severity of vitamin and mineral deficiencies. 

However, it is clear that in hepatic patients, widespread suboptimal vitamin nurture is common. In 
35 general, hepatic stores of riboflavin, nicotinamide, pantothenic acid, and Vitamins B6, B12, and A are often 
depleted. See, Leevy et al, Vitamin and Liver Injury , Am. J. Clin. IMutr. 1970; 23: 493-499. The absorption of 
all fat soluble vitamins is also adversely affected by hepatic diseased. 

Vitamin A status is often impaired in liver disease with severity and type of the disease being significant 
determinants of its gravity. Fat malabsorption secondary to bile acid deficiency, may also contribute to the 
40 development of vitamin A deficiency. 

Normally, Vitamin D3 is transported to hepatic tissue. In the liver, Vitamin D3 is converted to 25- 
hydroxy Vitamin D3. The active form of the vitamin (1 , 25 dihydroxy Vitamin D3) is due to a hydroxylation 
step that occurs in the kidney. Liver disease impairs the export of 25 hydroxy Vitamin D3 from the liver. 
See, Hepner G. et al, Abnormal Vitamin D Metabolism in Patients With Cirrhosis , Am. J. Dig. Dis., 1976; 
45 21 :527-535. Even though hepatic patients have normal serum levels of Vitamin D, they may therefore have 
reduced tissue stores. 

Likewise, vitamin E status may be compromised by hepatic disease. This is particularly true with 
patients with malabsorption and diminished bile secretion. 

Vitamin K status may also be compromised. This may be attributed to both malabsorption and 
50 cholestasis. 

Water soluble vitamin nutriture may be similarly deranged particularly in the case of pyridoxine, 
thiamine, folate, riboflavin, and vitamin B12. Folate deficiency is the most common aberration in hepatic 
disease patients, especially alcoholic cirrhotics. Clinically, anemia can develop in 3 to 6 weeks as a result of 
subnormal folate intake. 
55 Deficiency of vitamin B12 can also develop in chronic liver disease. 

Mineral nutriture may also be abnormal in patients with liver disease. Liver enzymes require as 
cofactors a number of trace elements, i.e. zinc, copper, nickel, selenium, chromium, and cobalt. Cirrhosis 
can readily deplete liver stores of these minerals, particularly zinc and copper. Deficiencies or depletion 
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may contribute to poor tissue repair and possibly neurological abnormalities. 

Hyponatremia is relatively common in cirrhotic patients. This state develops in conjunction with an 
increase in the total body sodium pool which results in fluid retention. Increased sodium retention appears 
to result from increase aldosterone production. It is necessary to restrict sodium intake to reduce ascites 
5 and edema. 

Hypokalemia occurs frequently among cirrhotic patients. If not managed properly, hypokalemic alkalosis 
develops and hepatic encephalopathy may develop or worsen. Therefore, control of dietary intake of 
potassium relative to other minerals is vital. 

Due to hepatic disease, calcium, phosphorus, and magnesium stores are also depleted. This depletion 
70 can be linked to a number of derangements, e.g., metabolic bone disease. 

The present invention provides preferably in 1500 kcal (1000 mis) at least 100% U.S. RDA of ail 
vitamins except vitamin C. Vitamin C is provided at at least 150% of the U.S. RDA to meet stress 
augmented needs in most patients. 

Additionally the composition provides 100% of U.S. RDA of calcium, phosphorus, magnesium, copper, 
75 iodine, iron, and zinc in 1500 kcals (1000 millimeters). In a preferred embodiment manganese is provided in 
concentrations of approximately 4 milligrams per 1500 kcals. Additionally, the composition also provides 
preferably approximately 400 mg Choline per 1500 kcals. 

Additionally, approximately 80 milligrams sodium, 330 milligrams potassium, and 375 milligrams 
chloride are provided per 250 ml. These concentrations allow flexibility in electrolyte management. 
20 Little is known about the specific taurine and carnitine status or requirements for patients with liver 
disease. Taurine stores have been found to be depressed in patients with malabsorption syndromes. 
Additionally, liver malfunction is known to impair taurine synthesis. Biosynthesis of carnitine may also be 
reduced when liver function is abnormal. Preferably, the composition of the present invention provides 
approximately 120 mg taurine and 120 mg carnitine per 1500 kcals. 
25 By way of example, and not limitation, an example of the composition of the present will now be given. 
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COMPOSITION: 









1000 ml 




Protein (Nx5.8) 


g 


40.00 


5 


Carbohydrate 
Fat 


g 
g 


290.00 
21.20 




Minerals 


g 


8:00 


10 


Moisture 


g 


761.60 




Enerqv 


Kcal 
KJ 


1500.00 
6280.00 


15 


Vitamin A 


IU 5000.00 
meg RE 1500.00 




Vitamin D 


IU 

meg 


400.00 
10.00 


20 


Vitamin E 


IU 


30.00 




Vitamin K 


meg 


120.00 




Vitamin C 


mg 


96.00 


25 


Thiamine (81) 


mg 


1.52 




Riboflavin (B2) 


mg 


1.72 




Niacin (PP) 


mg 


20.00 


30 


Vitamin B6 


mg 


2.00 


Folic Acid 


meg 


400.00 




Pantoth. Acid 


mg 


10.00 




Vitamin B12 


meg 


6.00 


35 


Biotin 


meg 


300.00 




Choline 


mg 


400.00 




Taurine 


mg 


120.00 


AO 


L-Carnltine 


mg 


120.00 




Sodium 


mg 


320.00 



45 



50 
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PntacQium 

i VJIQOOIUHI 


mn 


1 ^pn nn 


f^hlnrirlp 


mn 


1 f^nn nn 


Halrii im 


mn 
my 


1 nnn nn 

1 UUu.UU 


n tuopi iui Uo 


mg 


tnnn nn 

1 UUU.UU 


Mannpsinm 

tvtayi leoiui 1 1 




Ann nn 


Copper 


mg 


2.00 


Iodine 


meg 


152.00 


Iron 


mg 


18.00 


Manganese 


mg 


4.00 


Zinc 


mg 


15.20 


Density =1125 g/Liter 






pH 6.8 
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FAT COMPOSITION: 





1000 ml 


Total fat 


g 


21 .2 


MCT 


g 


13.76 


Canola Oil 


g 


4.16 


Com Oil 


g 


1.12 


Milk Fat 


g 


1.12 ! 


Lecithin 


g 


1.12 


Linoleic Acid 


g 


1.58 


Vitamin E 


lU 


30 



Vitamin E: linoleic = 19 lU/gm 



40 



PERCENTAGE COMPOSITION OF FAT: 


MCT 


66% 


(63% of energy from fat) 


Canola oil 


19% 


(20% of energy from fat) 


Corn oil 


5% 


(5.5% of energy from fat) 


Milk Fat 


5% 


(5.5% of energy from fat) 


Lecithin 


5% 


(6% of energy from fat) 




Total 100% 


Total 100% 



50 
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FATTY ACID COMPOSITION (CALCULATED FROM STANDARD VALUES): 


Fatty acid composition 


Calculated from standard values 


(% of total fatty acids) 


(g/liter) 


Saturated 






Butyric acid (C*:0) 


0.13 


0.03 


Oaproic acid (Cs :0) 


0.72 


0.14 


Caprylic acid (Cs :0) 


38.36 


7.42 


uapnc acid (Oi o :U; 


27.02 


5.23 


Laurie acid (Ci2:0) 


1.43 


0.28 


Mynstic acid (Ou:u) 


0.47 


0.09 


Palmitic acid (Ci g :0) 


2.80 


0.54 


Stearic acid (CtsiO) 


1.16 


0.22 


Total saturated 


72.09 


13.95 


Unsaturated 






Palmitoleic acid (Cis:1) 


0,25 


0.05 


Oleic acid (Ci 8 :1) 


16.74 


3.24 


Linoleic acid (Ci 8 :2) 


8.38 


1.62 


Linolenic acid (Ci 8 :3) 


2.16 


0.42 


Erucic acid (C22:1) 


0.40 


0.08 


Total unsaturated 


27.93 


5.41 



PROTEIN COMPOSITION: 


Protein Source: 


Free Amino Acid 


77% 




Whey 


23% 


Nitrogen to energy ratio (g N/kcal): 


1:217 


Nitrogen to non-protein energy ratio (g N/kcai): 


1:194 
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AMINO ACID COMPOSITION: 





100 Kcal 


1500 Kcal 


250 ml 


1000 ml 


L-Leucine 


gm 


0.62 


9.32 


2.33 


9.32 


L-lsoleucine 


gm 


0.51 


7.72 


1.93 


7.72 


L-Valine 


gm 


0.41 


6.20 


1.55 


6.20 


L-Lysine 


gm 


0.33 


5.00 


1.25 


5.00 


L-Arginine 


gm 


0.32 


4.80 


1.20 


4.80 


L-Proline 


gm 


0.17 


2.48 


0.62 


2.48 


L-Glutamic acid 


gm 


0.14 


2.08 


0.52 


2.08 


L-Alanine 


gm 


0.13 


1.88 


0.47 


1.88 


L-Threonine 


gm 


0.10 


1.52 


0.38 


1.52 


L-Histidine 


gm 


0.10 


1.44 


0.36 


1.44 


L-Aspartic acid 


gm 


0.07 


1.04 


0.26 


1.04 


Glycine 


gm 


0.05 


0.76 


0.19 


0.76 


L-Serine 


gm 


0.04 


0.64 


0.16 


0.64 


L-Methionine 


gm 


0.04 


0.56 


0.14 


0.56 


L-Phenylalanine 


gm 


0.03 


0.40 


0.10 


0.40 


L-Tyrosine 


gm 


0.02 


0.32 


0.08 


0.32 


L-Tryptophane 


gm 


0.02 


0.24 


0.06 


0.24 


L-Cystine 


gm 


0.01 


0.16 


0.04 


0.16 
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70 



75 
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MAJOR MINERALS 




100 Kcal 


1500 Kcal 


250 ml 


1000 ml 


Sodium 


mg 
mmol 


21.33 
0.93 


320.00 
13.92 


80.00 
3.48 


320.00 
13.92 


Potassium 


mg 
mmol 


88.00 
2.25 


1320.00 
33.76 


330.00 
8.44 


1320.00 
33.76 


Chloride 


mg 
mmol 


100.00 
2.82 


1500.00 
42.32 


375.00 
10.58 


1500.00 
42.32 


Calcium 


mg 
mmol 


66.67 
1.67 


1000.00 
25.00 


250.00 
6.25 


1000.00 
25.00 


Phosphorus 


mg 
mmol 


66.67 
2.15 


1000.00 
32.24 


250.00 
8.06 


1000.00 
32.24 


Magnesium 


mg 
mmol 


26.67 
1.10 


400.00 
16.44 


100.00 
4.11 


400.00 
16.44 


Base excess (1) 
Renai solute load (2) 


mmol 
mOsm 


0.36 
21.20 


5.36 
318.00 


1.34 
29.50 


5.36 
318.00 
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ELECTROLYTE RATIOS 


Na/K (3) 


0.4 


(Na + K)/CI (3) 


1.1 


Ca/P (4) 


1.0 
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35 



FORMULA OSMOLARITY/OSMOLALITY 


Osmolarity 
Osmolality 


525 mOsm/1 

690 mOsm/kg H 2 0 



The osmolarity of such liquid diets is important. Because hypertonic diets are a cause of diarrhea and 
intestinal discomfort in patient on enteral feeding, hyperosmolar formulas initially have to be fed diluted and 
only gradually be increased to full strength. When a patient is not taking a formula full strength, he meets 

40 neither his energy nor his protein, mineral, and vitamin needs. There is also evidence that hypertonic foods 
have a deleterious effect on the gastrointestinal tract. 

The osmolarity of the composition is preferably at least 500 mOsm/l and, in a preferred embodiment, 
525 mOsm/l (690 mOsm/kg of water). This is hypertonic with serum (osmolarity 260-280 mOsm/ml, 
osmolality 280-300 mosmol/kg of water) and should not be expected to cause any problems. 

45 It should be understood that various changes and modifications to the presently preferred embodiments 
described herein will be apparent to those skilled in the art. Such changes and modifications can be made 
without departing from the spirit and scope of the present invention and without diminishing its attendant 
advantages. It is therefore intended that such changes and modifications be covered by the appended 
claims. 

50 

Claims 

1. A ready-to-use composition for providing nutritional support for a hepatic patient, that does not require 
reconstitution and can be stored in a liquid form comprising: 
55 a lipid source; 

a carbohydrate source; and 

a protein source that comprises at least 25% by protein content free amino acids. 
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2. The composition of Claim 1 wherein: 

the protein comprises approximately 6 to about 16% of the caloric content of the composition; 

the lipid comprises approximately 6 to about 18% of the caloric content; and 

the carbohydrates comprise approximately 66 to about 88% of the caloric content of the composi- 

5 tion. 

3. The composition of Claim 1 wherein the protein includes whey. 

4. The composition of Claim 1 wherein the free amino acids comprise a majority of the protein source. 

70 

5. The composition of Claim 1 wherein the amino acids are comprised of 40% to 60% branched chain 
amino acids. 

6. The composition of Claim 1 wherein the amino acids include less than 3% aromatic and ammonia- 
75 generating amino acids. 

7. The composition of Claim 1 including at least 100% of the U.S. RDA of all vitamins per 1500 Kcals of 
composition. 

20 8. The composition of Claim 1 wherein the lipid source is a mixture of medium chain triglycerides and 
long chain fatty acids. 

9. The composition of Claim 8 wherein the ratio of medium chain triglycerides to long chain fatty acids is 
1:1 to 3:1. 

25 

10. The composition of Claim 1 wherein the lipid source has a ratio of omega-6 to omega-3 fatty acids of 
4:1. 

11. The composition of Claim 1 wherein the composition provides 100% of the U.S. RDA for calcium, 
30 phosphorus, magnesium, copper, iodine, iron, and zinc per 1500 Kcals of composition. 

12. The composition of Claim 1 wherein the osmolarity of the composition is at least 500 mOsm/L 

13. The composition of Claim 1 wherein the free amino acids include: leucine; isoleucine; valine; lysine; 
35 arginine; proline; glutamic acid; alanine; threonine; histidine; aspartic acid; glycine; serine; methionine; 

phenylalanine; tyrosine; tryptophane; and cystine. 

14. A shelf stable ready-to-use liquid composition for providing nutritional support to a patient comprising: 

approximately 6 to about 16%, by caloric content of the composition, of a protein that comprises a 
40 majority of its content as free crystalline amino acids; 

approximately 6 to about 25%, by caloric content of the composition, of a lipid source; and 
approximately 66 to about 88% by caloric content the composition as a carbohydrate source. 

15. The composition of Claim 14 wherein the protein includes whey. 

45 

16. The composition of Claim 15 wherein the whey comprises approximately 25% to about 40% of the 
protein source. 

17. The composition of Claim 14 wherein the amino acids comprise 40% to 60% branched chain amino 
50 acids. 

18. The composition of Claim 14 wherein the amino acids include less than 3% aromatic and ammonia- 
generating amino acids. 

55 19. The composition of Claim 14 wherein the free amino acids include: leucine; isoleucine; valine; lysine; 
arginine; proline; glutamic acid; alanine; threonine; histidine; aspartic acid; glycine; serine; methionine; 
phenylalanine; tyrosine; tryptophane; and cystine. 
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20. The composition of Claim 14 including at least 100% of the U.S. RDA of all vitamins per 1500 Kcals of 
composition. 

21. The composition of Claim 14 wherein the lipid source is a mixture of medium chain triglycerides and 
5 long chain fatty acids. 

22. The composition of Claim 21 wherein the ratio of medium chain triglycerides to long chain fatty acids is 
1:1 to 3:1. 

10 23. The composition of Claim 14 wherein the composition provides 100% of the U.S. RDA for calcium, 
phosphorus, magnesium, copper, iodine, iron, and zinc per 1500 Kcals of composition. 
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